INDEX 


PAGE 


Avexanper, J. W., On the Class of a Covariant Tensor . . 
A.exanper, J. W., and G. B. Brieas, On Types of Knotted Curves 
Arwin, A., Some ’ Further Theorems Concerning the Formation of Chains 43 
AYRES, W. L., Concerning Continuous Curves and Correspondences . . 396 
Ayres, W. L., Note on a Theorem Concerning Continuous Curves. . . 501 


Battey, H. W., The Summability of Single and Multiple Fourier Series 69 
Buiack, H.L., A Cremona Group Isomorphic with the Group of the Twenty- 


seven Lines on a Cubic Surface. . . . 433 
Brices, G. B., and J. W. ALexanper, On Types of Knotted Curves ; soe 
Cairns, W. D., Development of Functions in a System of Approximately 

Orthogonal Functions .. . . » 503 


Cuvren, A., On the Form of Differential Equations of a System of Paths 629 
Darkow, M. D., Determination of a Basis for the Integral Elements of 


Certain Generalized Quaternion Algebras. . . . » 268 
Davis, H. T., Derivation of the Fredholm Theory from a ’ Differential 
Equation of Infinite Order. . 
Dickson, L. E., Ternary Quadratic Forms and Congruences 
Dings, L. L., Note on Certain Associated meine of Linear Equalities and 
Dives, L. L., On Positive ‘Solutions of a System ‘of. Linear Equations . 386 
Dives, L. L., On Completely Signed Sets of Functions . . . 393 
Erriincer, H. J., On the Inversion of the Order of Integration of a Two 
Fold Iterated Integral . . ’ 65 


Firr, W. B., Periodic Solutions of “Linear Differential Equations eae 
FLANDERS, D. A., Double Elliptic Geometry in Terms of Point, Order and 


Congruence . 534 
Garver, R., Transformations of One Principal Equation into Another - 112 
Garver, R., Division Algebras of Order Sixteen. . . 
GEHMAN, H. M., Some Relations between a Continuous ‘Curve and its 

Subsets . . . 103 
Guenn, O.E., A Theory of Integers i in Relation to the Iteration of Algebraic 

Functions. . 368 
Graves, L. M., On the Existence of the ‘Absolute Minimum in Space Pro- 

blems of the Calculus of Variations _. . 153 
GronwaLL, T. H., On the Existence and Properties of the Solutions of 

a Certain Differential Equation of the Second Order ... . . 355 
Haz.ert, O. C., The Arithmetic of a General Algebra. . 
Incranam, M. H., Note on the Extensions of — to Obtain n-th Roots 53 
Jackson, D,, A Problem in Minima . . 
Lanerorp, C. H., Some Theorems on Deducibility . 
Lanerorp, C. H., Theorems on Deducibility. (Second Paper.) . ss. 
Latmer, C. G., On Certain Indefinite Quaternary Forms Representing 

Lerscuetz, S., Correspondence between Algebraic Curves . — . 342 
McFartan, L. H., The Focal Point for the Problem of ernseneil with One 

Variable End . 180 


Maria, A. J., Generalized Derivatives 419 


be 
| 
Bi 
| 


iv INDEX 


Merriman, G. M., Concerning the Summability of Double Series of a Certain 

jaa A. D., and T. Y. Tuomas, Differential Invariants of Affinely Con- 
nected Manifolds hs 

Micuat, A. D., and T. Y. Tuomas, Differential ‘Invariants ‘of Relative 
Quadratic ‘Differential Forms . 

Minter, N., On Related Maxima and Minima . 

Otson, H. Linear Congruences in a General Arithmetic 

Pepper, E. D., Asymptotic Expression for the bitte of Trials Gon. 
nected in a Chain . ¥ 

Reynotps, C. N., On the Problem of Coloring Maps in Four Colors, I 

Reynotps, C. N., On the Problem of Coloring Maps in Four _—— I. 

Snook, C. A., The Mixed Mean Function . . H 

Sivan, A.N., On Some Types of Non-differentiable Functions 

Strong, M. Expansions in Bessel Functions . 

Tamarkin, J. D., On Fredholm’s Integral incite Whose Kernels ‘are 
Analytic in a Parameter ; 

Taytor, J. H., Parallelism and Transversality in a Subspace of a General 

Tuomas, J. M., Note on a Differential Equation 

Tuomas, J. M., On Systems of Total Differential Equations : ‘ 

Tuomas, T. Y., The Replacement Theorem and Related Questions in ‘the 
Projective Geometry of Paths . 

Tuomas, T. Y., and «. D. Micuat, Differential Invariants of Affinely Con- 
nected Manifolds 

Tuomas, T. Y., and A. D. Micuat, Differential ‘Invariants ‘of. Relative 
Quadratic Differential Forms . ; 

Usrensxy, J. V., On the Development of Arbitrary, Functions in ‘Series 
of Hermite’s and Laguerre’s Polynomials. 

Vanpiver, H. S., Application of Algebraic Number Theory to Congruences 
Involving Binomial Coefficients 

Vanpiver, H. S., Transformations of the Kummer Criteria in Connection 
with Fermat’s Last Theorem. (Second Paper.) ...... . 

Weatuersurn, C. E., On Lamé Families of Surfaces . . 

Wuysurn, W. M., On the Green’s Function for Systems of Differential 
Equations ‘ 

Wiener, N., A New Definition of Almost Periodic Functions 

Wong, B. G., Sextic Surfaces with a Double Septimic Curve 


ERRATA 


Vol. 27. 
Page 245, line 9, for “Real Hermitian” read “Hermitian”. 
Page 248, line 3, for “f°-" (4) must equal « (A)” read ‘a (A) is a factor of f(A) 
=0, 1, ---, r—1)”. 
Vol. 28. 
Page 297, Omit all subscripts iu (3.4), (3.5), (5.1). 
Page 297, line 4 from foot, for ‘The ith component etc.” read “This solution is 


G-Bdt+u”. 


a 
Page 299, In (4.6), (4.7) interchange the subscripts of K. 
Page 299, line 8 from foot, omit subscripts. 
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ON THE PROBLEM 
OF COLORING MAPS IN FOUR COLORS, I.* 


By C. N. Reynorps, Jr. 


_ Introduction. The problem of coloring in four colors the map of a 
simply connected closed surface has been reduced to the problem of coloring 
maps in which certain configurations, known as reducible configurations, 
are absent.+ In this paper we shall develope some methods of so analysing 
the known geometric reductions of our problem as to discover and to 
prove some of their more important implications. 

We shall use the reductions due to Kempe, Birkhoff and Franklin 
together with Errera’s reduction of pairs of adjacent pentagons surrounded 
by hexagons. The reductions of Kempe, Birkhoff and Franklin are sufficient 
hypotheses for our final theorem that any irreducible map has at least 
twenty-eight regions. The use of one of Errera’s reductions simplifies the 
proof of that theorem by eliminating much of the case making which would 
otherwise be necessary. 

Our fundamental method will be a systematic study of a set of geometric 
operations which suffice to build any connected configuration of pentagons 
which may exist in an irreducible map. Under these operations certain 
numerical topological characteristics are found to undergo well defined 
increments. Linear relations between these increments imply homogeneous 
linear difference equations which yield certain homogeneous relations between 
our topological characteristics. These relations were originally found 
inductively from a study of particular configurations. 

Secondly we shall prove synthetically certain inequalities between the 
topological characteristics of an irreducible map, making use of the linear 
relations mentioned above to reduce them to more serviceable forms. 

We shall then apply these inequalities to the proof of the theorem that 
any irreducible map must have at least twenty-eight regions. 

Finally we shall describe: (a) A map of twenty-eight regions which is 
irreducible with respect to the reductions of Kempe, Birkhoff and Franklin, 
but reducible with respect to the reduction due to Errera which we 
mentioned above. This map proves that what we may call the pre-Errera 


* Presented, in part, to the American Mathematical Society, Feb. 28, 1925. 

t cf. Franklin, The four color problem, Amer. Journ. of Math., 44 (1922), p. 42; also 
A. Errera, Une contribution au probléme des quatre couleurs, Bull. Soc. Math. de France, 
53, (1925), p. 42. Most of our references will be to these two papers. 
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